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METHOD OF AND APPARAltTS FOR SYNCHRONOUS CONTROT. 
BACKGROUND OF THE IN VHNTlOJSi 

1 , Field of flic Inveaition 

The presort: mvention relates to a control of a machine such as a 
machitie ronl, a manufacturing machiae and a robot, having a plurality of 
opei'ational elanents, and more particularly to a syachtonous control for 
synchronously driving the operational elements of the machme. 

2. Descriprion of Related Art 

In control of a machine, such as a machine tool, a manufecturing 
5 machine and a robot, having a pltiraEty of operational elements, there is a case 
where some operational elements are required m he synchrnnoiisly controlled. 
In such synchronous control, there is known a synchrououii uouUul mclhud m 
which a leading element and a follower dement arc designated in the 
operational elements and the follower element is position-controlled based on 
position data of the leading element. This synchronous control is knovm as a 
synchronotis cnnrrol of "electronic cam'' in which variations oIposiLionji ofOie 
leading element and the follower element are repeated periodically in 
synchronism. The follower elem^t is connected with a drive system 
including a drive source such as a servomotor and is position-controlled based 
on position data of tlie leading elemeni. With this synchronous control, the 
follower el«auenl upeiales iu syucluonism with die leading element. 

FIG, 1 1 is a schematic diagram showing a conventional synchronous 
control system. In FIG. U, a servomotor of a follower drive system 2 is 
driven based on motion commands liom a couLruUei 6, Tlic contioller 6 
stores data on a positional relationship between a leading clement of a leading 
drive system 1 and a follower element of the follower drive system 2 moving in 
synchronism with each other, obtains po.<dtion data of the follower element 
based on the stored positional relatiomship iu syncluonisni and the position data 
of the leading dcraott at every predetermined period, and provides motion 
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commands to the follower drive system 2 foi diiviug Uxe follower element 
based ou tlie obtained position data of the follower element, to thereby 
position-control the follower element. In this way, the follower element 2 is 
controlled in gyncbronism witii the ieadmg element 1 . 

In Qie uiuvuuliuual synclveaous control, there may be produced a large 
mechanical shock when the follower elcancnt which stands still is hrou^ into 
synchronism with the leading element which is in motion, and therefore 
velocity of the leading element has to be reduced. 

In tlie conventional synchronous control, for example, the follower 
element is position controlled to reduce a deviation between a present position 
of the follower element and a synchronized position when starting motion of 
the follower element. By this position control, the follower element moves to 
Ihe syuchi ouized position and reaches a synchronized velocity. I lowever, an 
acceleration of the follower element when it reaches the synchronized position 
and an acceleration of the follower element required at the synchronized 
position are much different in direction . As a result, a large mechanical shock 
is caused in die diivc mectoism of Uie follower element. 

gTTM\yrAT? V HP THR mVKNTTON 

An object of the present invention is to make a smoofli srarr nf a 
synchronism of a follower element with a leading element, and thereby reduce 
a mechanical shock caused in the start of the synchronism of the follower 
element. 

In the sqmchronoiLS control method and apparatus according to the 
prescul iuvculion, when a follower element is started to move to be 
synchiomzed with an opiating leading element, motion of the follows 
element is started before the follower element reaches a start position of 
synchronism with The leading element, and brought into synchronism with the 
leading clement at Uie start position of synchronism, thereby the syncliromsm 
is started smoothly and a mechanical shock in a drive mechanism of the 
follower element is reduced 
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According to the present inventioa, a positional relationship between 
leading eleinent and rhe follower element in .^chronism^ 
pusiliuu Tui sUuUug tlie synduronism. of the follower dement and the leading 
dement is set; an accdei^on control of the follower demerit is performed 
between a motion start position preceding the start position of the synchronism 
and the start position of tlie synchronism; and a position control ofthe fbllower 
demiSDii is perfoimed based on position data of ihe le-dding elemeui and (lie sel 
positional relationship after the fbUowcr dement reaches the start position of 
the synchronism. 

FIG. 1 is a schematic block diagram showing a principle of the 
synchronous cuulrol method accuiding to lUe present invention. In FIG. 1, a 
follower clcmoit 8 in a follower drive system 2 is moved to be synchronized 
with motion of a leading element 7 in a leading drive system 1 nnder control of 
O a controller. Ameanoiy 1 of a controller 3 is provided with a synchrnniTed 

posilion profile y denning a piolllc uf ttie positiott of a fbllower element 8 with 
hQ respect to tiie position of tihc leading element 7 (positionai relationship between 

the follower element 8 and the leading element 7) in synchromsm> and a start 
position P of the synchronism. Position data of the leading element 7 m 
Jf, motion is inptmed fo the cnnTrnller 3, and the controller 3 obtains position data 

lU of the fbllower element 8 corresponding to the posilion of llie leading element 

H 7 based on the synchztmizcd position profile 7 and the position data of the 

ill 

|T leading element 7, and issues a motion command based on the obtained 

position data of the follower element S. Upon receiving the motion command., 
a servomotor 4 of the follower drive system 2 starts to drive die follower 
' . element 8. 

In &e synchronous control, in the case where the leading element 7 is 
in motion and the follower element 8 stands still, the controller ^ starts a 
motion of the follower element 8 which siaiids siill to bring ihe follower 
element 8 into synchronism widi the moving leading element 7 . In this 
synchronization process, a start position of synchronism at which the follower 
element 8 is made in ^jmchronism witib. the leading element 7 is given, and the 
follower element 8 is controlled to have the position and velocity to 
respectively coincide with the position and velocity required in synchronism 
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with the leading element 7 at the start position of synchronism. 

The above S3aichronii>m is achieved by perfuniiiug <m ituuclcialiuui 
control of the follower element from a motion start position which is set to 
precede the synchronized motion start position to the start position of 
synchronism. After the synclirorilSTn is achieved rhe srarr postrion of 
synchronism, the follower element is position-controlled based on the position 
data of the leading element and the synchronized position profile. 

The acceleration control tor synchromzation may be performed 
according to a linear accelerarion line Tn this case;, the motion start position 
ib' fiict id a posilioa which precedes the start position of synchronism by a 
predetOTnined distance, and tlic acceleration control of the follower clement is 
performed such that a velocity of the follower element varies linearly along a 

br straight tine from the motion start position to die start position of the 

1^ syncbrunism. 

'sU 

t y Alternatively, the accel^ationAieceleration control may be performed 

^1 accordmg to a predetemiined acceleration curve for synchronization. In this 

=:? case^ The accelen^tion cnntrol is performed so that the position of the follower 

elcmcuL wlicu Uic acceleration terminates coincides widi tlie stait position of 

lU the synchronism, 

ni 

1 1 The foUowesr element which is moving in synchronism with the leading 

p:' element is decelerated and stopped and (tiereby brougliL uuL of syzidiranism. 

Deceleration/stop control of tiie follower element is performed according to a 

predetemiined deceleration curve. 

A phiraliry nf follower elements may he controlled in synchronism with 
the leaduig element. A plurality of start positions of the synchronism are set 
respectively for the plurality of follower elements so that the follower elements 
are independently controlled in synchronism with the leading element, 'l^he 
plurality of follower elements may be a pluraHly of independent operational 
members, a plurality of connected operational members or axial components in 
x-axis direction, y-axis direction and z-axis direction of a single operational 
member. 

A difference between the velocity of the follower element when tlie 
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follower elemeaxt reaches the start position of synchronism and the velocity 
required by the synchrardzed motion is made small, to thereby a mechanical 
shiods at the start of synchronized motion am be reduced. 

RRTHF DHSCRTPTTON OF THE DRAWINGS 

FIG. 1 is a blo(dc diagram schematically showu^ a control system for 
carrying out the syndbionoiis control method of die present invoDtion; 

FIGS. 2a-2c are diagrams showing variation of a position of a leading 
element, and variation of a position and a velocity of a follower element undear 
synchronous conrrol according to first embodiment of the present invention; 

FIG. 3 is a flowchart of procedure and processing for the synchronous 
control according to the first embodiment; 

FTGS. 4a-4c are diafirams showing variation of posftioas of the leading 
demenl and the foUowei elemeul uudci syuduouous control according lo a 
second embodiment of the present invention; 

FIG. 5 is a flowchart of procedure and procesauag for the synchronous 
control according to the second embodiment; 

FIG. 6a and 6b are diagrams showing variation of positions of the 
leading element and the follower element in deceleration/stop process 
according tn the pre.sent invention; 

FIG. 7 is a flowchart of the deceleration/stop process; 

FIGS. 8a-2jd axe diagrams showing positional relationship between a 
phirality of follower elements; 

FIG. 9 is a block diagram showing an example of a control apparatus 
tor synchronously controllmg a plurality of follower elements; 

FIG. 10 is a block diagram of a numerical controller for canying out 
the synchronous control method of the present invention; and 

FIG. 1 1 is a schematic diagram of a conventional synchronous control 

system. 
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^T^AH-Pm nHSCRIPTlON OF THE PREFERRED EMBODIMENTS 

A fiT5;t emhodiment of thcLpresent invention will be described referring 
to HGS. 1 to 3, In tliis embodiment data on a synchronized position profile y 
defining a position of the follower clement with respect to the position of the 
leading element (positional relationship between the leading element and the 
follower dement) in the synchronized motian, a synchrom'ved mon'OTi start 
posMoiL P at which Uie synchronized moliou is to be stal led, a motion slail 
position A which is set to precede the synchronized motion start position P by 
a predetermined distance and where the follower element is to start its motion, 
a stopping motion start position Q and a position profile p for deceleration/stop 
of the ibllowcr element are set and stored in the memory 5 of the controller 3 
as shown in FIG. 1 (Step SI). The stopping motion start position Q and the 
position profile p for deoclcration/atop are data for use in oontrollmg the 
follower element moving in synchronimi with the leading element to be out of 
syiichiomsm and decelerating to be stopped. The stopping motion start 
position Q detenmnes a position where the follower element comes out of the 
synchronism along liie syncbranized positional profile y. The position profile 
P for deoeleratioa/stop defines a profile of motion of the follower element in 
deceleiation and a position at which the follower element is stopped. These 
data can be set to the memory 5 of the ccmttoller 3 using aa input device. 

In this embodiment, a linear aoooloration/deceleration line is formed 
using the motion start position A and the synchronized motion start position P 
and a linear acceleration control is performed for bringing the follower element 
into synchronism the leading elenient. In the following description, the 
synchranizcd motion start position P, th.e motion start position A, and the 
stopping motion start position Q are given as the positions of the leading 
element. However, these positions can be given as positions of the follower 
element using the positional rdationship defined by the synchronized position 
profile y. 

1?'1G. 'ia shows a variation of position of the leading element in a case 
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where the leading element repeats a stroke motion periodically. In blU. 2b^ 
the motion start position and the synciuronized motion start position are given 
as points A and respectively. Each of Lhesse puiuLs is deXuiecl by u 
cumbinalJon of position and phase of the leading element. Ilovirever, the 
positions of tiiese points can be detemiined based on the phases of the leading 
element I hus, the start position A and the synchronized motion start position 
P can be given either in term of position or in temi of phase. 

The processor reads the synchronized motion start position P from the 
memory 5 (Step S2), and sets a synchronism flag F to "0" (Step S3), The 
synchronism flag F indicates whether or nor the follower element is controlled 
in synchronism with die leading element along the synchronized position 
profile 7. In this embodiment, the synchronism flag F^O indicates that the 
follower element is not controlled in synchronic witli tiie leading element, 
and the synchronism flag F=I indicates that the follower element is controlled 
in synchronism with the leading elemenL 

If it is determined in Step S4 that the synchronism flag F h not set to 
"1" (F-0), the processor waits tor an input of a synchronization signal and 
performs control otiher than the synchronous control (Step Si). The 
synchronization signal functions jus a trigger signal tu stail flic syncluunuuii 
control. The processor pcrfonns a synchronizing control for bringing the 
follower element into synchronism with the leading element and then a 
synchronized control when the synchronization signal is turned from OFF state 
to ON state, makes the synchronized control off when the synchronization 
signal is Imucd from ON state to OFF state, aud does not pcrfoim the 
- synchronous control when the synchronization signal remains OFF state. 

When it is determined that the synchronization signal has turned ON, 
the processor reads out the motion start position A from the memory 5 (Step 
S6), and obtains phase xb of the leading element from inputted prcscaat position 
data thereof (Step S7)* In FIGS. 2a-2c, the motion start position A and Ae 
prescsnt position of the tbllower element are represented by phases- Data on 
rtie present position of the leading element can be obtained from the leading 
system 1 at every predetermined period. The processor compares the present 
position xb of the leading element with the motion start position A, and 
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detennines whether or not the present posirirm xb has reached the motion start 
pasition A (Step S8). 

If it is dctcnnincd that the position of the leading element has reached 
the motion start position A, the processor starts the syncshronizing process for 
bringing the follower element intjrsynchronism with the leading element while 
the leading elaxient moves fium Ihe muUun sUut position A to the 
synchronized motion start position P. in the synchronizing process, the 
controller obtains the position A' of the tbiiower element which corresponds to 
the motion start position A of the leadins element and the position P' nf The 
follower element which coiresponds to the syuuhruuizaliou stait position P, so 
dial (he velocity of the follower elemient varies linearly fixan the velocity at the 
position A' and the vdooiiy at position P'. 
H fiQ 2b a curve a is a parabola wliich is sharing a common tangent 

o with die synulii onizcd position profile y at the synchronized motion start 

!^! position?' and tangent to a straight line passing through the niotk^^ 

In position Dofthe follower element. The intersection A' where the curve a 

'E and the hne P indicating the motion start position of the follower element cross 

T each other defines a point of starting the motion of the follower element. 

Alter the follower element starts its motion, the follower clement moves along 
^ a part of the curve a indicated by a solid-lino, and then comes into synchronism 

the leading elerneiit at the synchronized motion start position P'. In the 
j3 case where change of the phase of the leading element is consram as in the case 

of FIGS. 2a-2c, the phase may be deemed as time. Thus, the foUowei eleuieul 
moves from the position A' to the position P* with the velocity varying along a 
- - straight Hne as shown in PIG. 2c. 

In the synchronizing control from The position A"" to the position P\ the 
posidan B of die followei clement at the phase xb is calculated using the 
strai^t line as an acceleration line (Step S9). Then, a distribution pulse is 
formed based ondi© calculated position B to drive the servomotor (Step SIO). 
By this servo control, the synchronism of the follower element with the leading 
elemrat is achieved. 

The processor monitors whether or not the phase of the leadmg element 
has reached the phase of the synchronized motion start position P, and repeats 
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the above-mentioned Steps S4 to SIO until the leading elem^ reaches the 
syncbFoniTed monon srarr. position P (vStqj SI 1 ). When the position of the 
leading eltsuiciii lias reached ihe synchronized motion start position P, the 
synchronizing process is tenninatcd. When the synchroaism of the leading 
element and the foUoww elementi^ achieved, the synchronism flag !:<' is set to 
"1" (Step S12) and the synchronized control process is performed according m 
iSaa syncbraDized position pnillle y . It is lu be uuled thai Steps S 1 1 aiid 1 2 do 
not need to be performed if Steps S13 and 14 have been performed (Step SIO'). 

if it is detennined in Step S4 that the synchronism flag F is set to "1", it 
means that the synchronized control is being perfonneil. Thus, Qie pi-ocessui 
deieiiuiueb wheiliei (lie synduonization signal is in ON state or tiie 
synchronization signal has switched from ON state to OFF state (Step SI 3). 
If tiie synchronization signal is in ON state, the processor calculates the 
position C of the follower element (in FIG. 7.b) at the presenr phase xc of the 
leading elemeiU. on the syuuhrouized pusUiuii proHle j (step SI 4). and performs 
servo control based on the calculated position C (Step 10), 

it" It IS determined in Step 13 that the synchrortLzation signal has 
changed from ON srare ro OFF state, the .^jynchronized control is to be 
Iciiuiiialcd. Thus, die processor makes the synchronized control off by 
perfonning deceleration/stop process to tibicrcby stop the follower clement 
(Step S40). 

In tJie case shown in FIG. 2b, the position P' of the follower element 
cojTesponding to die synchronization start position P is located near a peak of 
the synchronized position profile y. However, the position P' may be located 
at any point of tiie synchronized position profile y. 

Second embodimisnt of the present invention will be described referring 
to FIGS. l,4aDdS. 

in the second embodiment, data on a synchronized position profile y 
defining a positional relatioaship between the lesiding element and tiie follower 
element In the synchronized motion, a synchronization start position P at which 
the ^chronizcd motion is to be started, a position profile a for 
^chronization process, a stopping motion start position Q, and a position 
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profile p. for deceleration/stop are set and stored in the metnnry 5 of cnntToller 
3 shown in FTG. 1 (Step S21 ). By defining tte posidon profile a for 
s^nclu'oniziag process so that tlicre is only a 

velocity of tbe follower clement on the position profile a for syncJiromzation 
process and a velocity of the ibllov/er element on the synchronized position 
profile 7 at the synchronized motion start position a mechanical shock 
produced at the start of synchronized muliuu csm be i educed. Tliese data can 
be set to the mCTiory 5 of the controllOT 3 using an hxput device. 

In the second embodiment, acceleration/deceleration control is 
performed according to an accelerdlion/deceleraliun ciuve fui synuluumzalioii 
process witii an end thereof being set to coincide with the synchronized motion 
start position. In the following description referring to FIGS, A and 5, the 
H ^jmjchronized rnotion start position P and the 

o are given as positions of the leading element However, the synchronization 

f U Siilarl puMliuu F aiul ilie slppplug motioa start position Q can be given as 

J5 positions of the follower element using the positiongd relation represented by 

± the synchronized position profile y. 

s T jke the case shown fn FTG. 2a, FTG. 4a shows the case where a leading 

clciueul repeats a stroke motion periodically. - The synchronization start 
ly position P is given as a point P in FIG. 4a. 

Ij The processor of the controller ^ reads the synchrnnizaTion sran 

H position P from the memory 5 (Step 322), and set a synchronism flag F to "0"* 

(Step S23). The synchronism flag F is used in the same way as described in 

connection with Step S3 in FIG. 3. 

If it is determined in Step S24 that the synchronism flag is set to 0, the 
processor waits for a synchronization signal inpuned. and performs control 
other tiian the synchronous control. The processor performs the 
synchronization control and the synchronized control when die synchronii^tion 
signal is m OJSI state, terminates the synchronized control when the 
synchronization signal has switched from ON state to OFF state, and does not 
perform the synchronous control when tiie synchronization signal remains OFF 
state (Step S25). 
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When it is detennined that the synchronization signal has turned into 
ON state, the processor reads the posirion profile a for synchroniyation control 
Irom meuioiy 5 (Step S26) and calculates a motion start position A' at 
y4aoh the synchronization process of tiie follower element is to be started 
based on the position profile a (Step S27). The position proiile a for 
synchronization defines as an acceleration/deceleraTion curve of the motion of 
ibfi follower eleDient from the motion start position A' to a synchronized 
motion start position . 

The present position xb of the leading element is obtained from 
inputted present position data thereof (Step S28). In nG.4, the synchronized 
motion start position P and Uie present position xb uf the leadmij element aie 
represented by phase. Data on the position of the leading clement can be 
inputted from the leading drive system 1 at every predetermined period. The 
processor compares the phase xb of the leading element and the phase of the 
motion start position A\ and detennines whether or not the phase of leading 
element has reached the phase of the motion start position A* (Step S29). 

When the phase xb of the leading element has reached the phase of the 
motion start position A', the processor performs the synchronization control 
according to the position profile a for synchronization lo ihereby make the 
follower element move from the motion start position A' to the 
synchronization start position P'. In the synchronization control, the position 
B of the follower element at the phase xb on the position profile a tor 
synchromzation is calculated (Step S30). Then, disrrihuTion pulses are formed 
based on Hie calculated position B tu diive llie sci vomoLui (Step S3 1). By 
- - this servo control, the synchronism of the follower element with the leading 
element is achieved. 

The processor monitors whether or not the position xb of the leading 
dement has reached the synchronizBd motion start position P, and repeats the 
abovementioned Steps S24 to S31 until the position xb of the leading element 
reaches the synchronized motion start position P (Step S32)- The time when 
Ihe position xb of the leading element has reached the synchronization start 
position P is the time when the synchronization adUustment should end. After 
that, the synchionization flag is set to 1 zind synchronous control is perfonned 

1 1 
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according to liie synchroniTed posirinn profile y (Step S33). 

If it is detennined in Step S24 that the synchromstn flag F is set to **1 
it means liiat the synchronized control is being performed. Thus, the 
processor detennines \^iiier the synchronization signal is in ON state or the 
synchrom'Tation signal has swfTched from ON state to OFF state (Step S34). 
If the synchronization signal is in ON state, the processor calculaltaj the 
position C of lie follower clement (in FIG. 4b) at the present phase xc of the 
leading element on the synchronized position profile y (Step 835), and 
performs servo control based on the calculated position C (Step 3 1). It is to 
be noted that Steps S32 and 33 do not need Uj be perfoimed if Steps S34 and 
35 have been performed (Step S3 1 '). 

If it is detemmied in Step 34 that the syncbronization signal has 
changed from ON state to OFF state, the synchronised conTrol is to be 
terminated. Thus, Qie prouessoi makes Qie syiieluonizcd uuuUul oUby 
peifoiming deceleration/stop process to thereby stop the follower element 
(Step S40). 

In the case shown in FIG. 4b, the posirion P' of The follower element 
coiTCSpanding to (he synchronized moliou start position P is located al (lie peak 
of the synchronized position profile y. However, the position P' may be 
located at any point of tib^e synchronized position profile y. Further, in the 
case shown in FIG. 4b, the motion start position A' of the fidlower element is 
located on a base position (zero position). However, the position A' may be 
set at any position where the fellowcr element does not interfere with the 
leading element or otter follower elements. FIG. 4c shows the case where the 
motion start position A" of the follower element is set off the base position. 
The position profile a* for synchronization process for this case can be defined 
by modi^nng the position profile a with the position A' located on the base 
position. The synchronizatiQn control and syndironized control nsing the 
position profile a* for synchronization process can be performed in the same 
way as in the case of FIG. 4b. 

The dcceleiaaon/stop process in Step S40 will be described neferriug to 
FIGS. 6 and 7. 
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The processor of the controller 3 reads the position profile p for 
deceleration/stop and the stopping motion starting position Q from the memoiy 
5 (Step S41). The stopping motion start position Q is given in the term of 
phase of fhc leading clement. The present phase xc of the leading element is 
obtained (Step S42), and if the phase >cc has not reached the stopping motion 
start position Q, a servo control is pecfonned according to The synchroniTed 
position proiile y until ihe phase x reaches the isLuppii^^ muliun slailiug pusiliuu 
Q. The servo control is performed as in Steps S14, 10 and Steps S35, 31 
described above. Specifically, the position of the fsUower eleanent 
corresponding to the phase xc of the leading elanaot on the synchnoinz^d 
poRitinn profile y in calculated, and distribution pulses are formed on the basis 
of the calculated position and issued to tihic servo system (Steps S43, 44, 45). 

H When the phase xc reaches the stopping motion start position Q (Step 

n S43X the fisUcwer elefmeiit is dficelerared m he smpped according to liie 

lU pofidliuu pruliltj 0 ibi decdeialiou/slop. Specifically, the phase xc of the 

11 leading elcmcaat is obtained (Step S46), the position D of the follower element 

C at the phase xs is calculated on the position profile ^ for deceleradaD/stop (Step 

^ S47), and distribution pulses are tbnned based on the calculated position D and 

u gjven to the servo system nf The follower element (Step S48). 

Ill 

f y In the synchronous control and device accordinK to the present 

\ t invention, there may be provided a plurality of follower elements. For 

12 example, a three ibilower elements are provided for motions in three axial 
directions. Snch arrangement will be described referring to FIGS- 8 and 9. 

FIG. 8a shows that a leading element performs a stoke motion 
periodically, and FIG. 8b shows variations of position of lliree follower 
elements (first, second and third follower elements) in ssmchronism with the 
leading element. Synchronized position profiles yl , y2 and y3 for the firsts 
second and tliird follower elements are provided, respectively. The first, 
second and third follower elements move aceording to the position profiles yl, 
y2, y3, respectively, in synchronism with the motion of the leading element 
The phases of the first, second and third follower elements may he displaced to 
be dillerenL or independent liom each other- Fur example^ Ihe pliases may be 
set such that the positions of the first, second and third follower elem^ts 
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cozresponding to the position U of the leading element are VI, V2 and V3, 
reiqiecrively. The synchronized poMtinn profiles yl^ y2, y3 may be sei 
different or fiic same. 

The first, second and third Ibllower elements may be three separate 
membei^ nr three components of sr single follower member. 

The control of the plurality of follower elements selectively applying 
the synchronons control on any of the follower elements can be performed, for 
example, with an arraagement shown in 1*1G. 9, In ¥IG, % a leading 
controller includes a leading control section 10a, an acceleration/deceleration 
control section 10c, a digital servo circirit lOd and a servomotor lOe. The 
accclcration/dccclcratton control section lOo receives distribution signals from 
a leading distribution signal processing section 1 Ob in the leading control 
section 10a to thereby drive the servomotor lOe for driving the leading 
element 

The follower system includes first, second and third follower 
distribution signal processing sections 21b, 22b, 23 b, acceleration/deceieration 
control sections 21c, 22c, 7M, digital servo drcuits 7.1 d, 7.?.d, 73d, and 
servomotors lie, 22e, 23e, The Jjml^ second and iliiid fuUower disiiibuiion 
signal processing sections 21K 22K 23b receive distribution signals from the 
loading distribution signal processing section lOb, and produce distribution 
signals tor respective tbllower elements to issue them to the respective 
acceleration/deceleration sections 21c, 7.7.c, 73c. 

The synchronous control of the frrst, second, third elements can be 
selectively applied by a switching device provided between the leading 
distnbution signal processing section 10b and the first, second and third 
follower disTribiirion signal proces55ing .secrions 21 h, 22b, 23b. The swirching 
is perfiraned by ON or Off state of Ihe synchronization signal, 

Althou^ FIGS. 8 and 9 shows an example in winch three tbllower 
elements are provided, the number of follower elements is not restricted so that 
any number of follower elements may be provided. 

The synchronous control method according to the present invention can 
be earned out using a numerical controller, FIG, 1 0 is a block diagram of a 
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nunLericai controJler 100 for canying oixt the synchronous control method 
according to the present invenrion A CPTT 1 1 is a procassnr for controlling 
the cutiie uiutief ical controller 1 GO. The CPU 1 1 reads a system program 
stored in a ROM 12 through a bus 20 and controls the entire numerical 
controller according to the systemprogram. A RAM 13 stores tezoporaiy 
calculation data, display data and data of various kinds which an operator 
inputs throu^ a CRT/MDI unit 70, A CMOS memory 14 is a nun-volatile 
m^ory which is backed up with a battery (not shown) so that what is stored 
therein may be maintained even when power supplied to the numerical 
controller 100 is turned oBL The CMOS memory 14 stores machining 
programs taken in through an inierface 15, machining programs inputted with 
the CRT/MDI imit 70, etc. In the ROM 12 arc written in advance a variety of 
1^ system programs for executing cdit<nodc processing, wliich is needed for 

13 making and editing inachining programs^, and processing tor automatic 
fy operatton 

In The program for synchronxnis control according to the present 

»p invention can be writtea in the ROM 12, etc. Data such as the position profile 

sais: 

°^ a fOT synchronization process, the position proiiie p tor deceleration/stop, the 

U synchronized posirion profile y. The synchronized motion start position P, rhe 

motion start position A, the stepping molion start posiliun Q, elu. can be 
inputted throng the intci&cc 1 5 or the CRT/MDI unit 70 and stored in the 
if CMOS 14. 

The interface 1 5 enahles connection of the nnmerical conti'oller 1 00 
witli aii external device 72 such as an adaptor. From the external device 72, 
' - machining programs and the parameters a, Ys A, Q, etc. for the 
synchronous control are taken in- Machining programs edited in the 
numerical controller 100 can be stored in an external storage device through 
the external device 72, A PC (programmable controller) 1 6 sends signals to a 
pciiphcicd device uf a niachiae tuol (fui example., an acluaLoi such as a lubuL 
hand for changing tools) through an I/O unit 17 to thereby control tiio 
peripheral device^ according to a sequence program stored in tlie numerical 
contmller 1 00. Also, the PC 1 6 receives signals from varions switches nn an 
upeialLon yaucl allauhcd lu a body uf (lie macliinc luul and ^cnds Ihem lo llie 
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CVXJ J 1 after effecting necessary processing on the signal?? The signals from 
the machine can be used as the synchronization signal in the present invendun. 

The CRT/MDI unit 70 is a manual data input device including a display, 
a keyboard, etc- An interface 1 8 receives commands and data from the 
keyboard of The CRT/MDT unit TO^and sends them to the CPU 11. An 
interface 19 is connected with a manual pul^e geneiatui 71 Lu icccivc pulses 
therefrom. The manual pulse generator 71 may be provided at the operation 
panel. The respective axes are controlled with distribution pulses formed by 
manual operation of the manual pulse generator 71, so that the tool may be 
placed in position accurately. 

Each of axis control circuits 30 to 33 for each axis receives motion 
commands tor each axis from the CPU 11 and sends commands to the 
13 associated one of the servo amplifiers 40 to 43 . Upon receiving fhe 

iz commands, the servo amplifiers 40 to 43 drive servuuiuluis 50 lu 53 of 

sil ^ 

|y associated axes, respectrvcly. Each of the servomotors 50 to 53 includes a 

position/speed detector, and feed position/speed feedback signals from the 

K sr.; 

«p position/^speed detector are fed back to the associated one of axis control 

.: circuits 30 to 33 to perform posirion/speed feedback cnntrol. In FIG, 10, the 

in pusiiiun/specd it:cdbacks are not ill^ - 

1 1 The leading and follower control systems may be constituted by the 

13 axis control circmts 30-33, servo amplifiers 4U'*43 and servomotors SO-53. 

Any of the control sysremf; may he designated to the leading system and the 

follower system by setting. 

A spindle control circuit 60 receives a spindle rotation conmiand and 
sends a spindle speed signal to a spindle amplifier 6 1 . Upon receiving the 
spindle speed signal, the spindle amplifier 61 makes a spindle motor 62 rotate 
al (he rotation speed specified by die command. A position coder 63 sends 
feedback pulses to the spindle control circuit 60 representing the velocity of the 
spmdle motor 62 for velocity control. It is to be noted that the spindle control 
can be performed independently of the synchronous control of the present 
invention. 

The CPU 11 performs the synchronous control upon receiving a 
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synchronization signal jfrom the CRT/MDI unit 70 and/or ihe machine, 
according to a synchronons control program stored in the ROM 12 using the 
pai meters stored in the CMOS 14. 

As described above, according to the present invention^ the 
synchronized motion of the follower element with the leading element can be 
started janoodily, and a mechanical shock which may be produced in the diive 
system for the follower element can be reduced. 



